The capacity of a number of gangliosides to fix tetanus toxin and to inhibit haernagglutination by influenza virus was investigated. Toxin fixation increased with total sialic acid content but not in strict proportion. Whether or not the sialic acid is bound by neuraminidase-labile linkage appears to be irrelevant in determining whether toxin is fixed. Viral inhibition by ganglioside also is related to the total content of sialic acid; but there exists at least one ganglioside which has very little
INTRODUCTION
Ganglioside from nervous tissue has been shown to act as a specific receptor for tetanus toxin (Van Heyningen, 1959) and the sialic acid residue(s) of this compound has been shown to be essential for toxin-fixation (Van Heyningen & Miller, 1961) . It is well known that sialic acid-containing substances also act as influenza virus receptors. Rosenberg, Howe & Chargaff (1956) found that their preparation of mucolipid, which contained a polypeptide moiety in addition to ganglioside, inhibited influenza virus, and was susceptible to viral and cholera neuraminidase, whereas samples of ganglioside which did not contain amino acid residues were inactive. They considered that the polypeptide moiety, in addition to the sialic acid residue, was essential for viral inhibitory activity. It has been observed that amino acids are present in ganglioside preparations extracted from wet brain, but not in preparations extracted from acetone-dehydrated brain (Folch, Arsove & Meath, 1951;  Svennerholm, 1956 ). Bogoch (1957) showed that a preparation of brain ganglioside from wet brain inhibited viral haemagglutination. Kuhn (1958) separated two fractions of brain ganglioside from dehydrated brain on a cellulose column eluted with methanol + pyridine +water and found that the more rapidly moving fraction (G 2), containing 21 yo sialic acid, did not inhibit viral haemagglutination and was not susceptible to Vibrio cholerae neuraminidase; the more slowly moving fraction (GO.5) containing 31 % sialic acid, inhibited viral haemagglutination and was susceptible to neuraminidase. Van Heyningen & Miller (1961) separated brain ganglioside (prepared from dehydrated brain and containing no amino acid 
METHODS
Gunglioside preparations. The preparation (or source) and properties of the 'partially purified ', ' fast ', ' slow ', ' Chargaff' and ' Klenk ' gangliosides are described in the preceding paper (Van Heyningen & Miller, 1961 and allowed to stand in the refrigerator for 30 min. ; 0.1 ml. of a 2 yo suspension of washed chicken erythrocytes was then added, and after standing 1-2 hr. in the cold, the patterns of the sedimented erythrocytes were observed. The end-point used was the smallest amount of ganglioside giving just short of complete inhibition of haemagglutination. 
RESULTS

Inhibition of haemagglutination
The viral haemagglutination-inhibiting property of the various ganglioside preparations is shown in Table 1 .
Action of rtezcraminidase on ganglioside
The thiobarbituric acid assay (Warren, 1959) is useful for the measurement of enzymic liberation of sialic acid from ganglioside since it estimates only free sialic acid. Figure 2a shows the time course of the liberation of sialic acid from ' slow ' ganglioside by crude Vibrio cholerae neuraminidase (75 unitslml.). Maximal splitting was reached in about 8 hr. Comparative susceptibility of various ganglioside preparations to neuraminidase. Neuraminidase-labile sialic acid of the several ganglioside preparations was estimated by incubating 160 pg. ganglioside with 4000 units of crystalline neuraminidase in a volume of 0-4 ml., pH 6-2, at 3 6 ' . After 16 hr. free sialic acid was measured (Warren, 1959) and the values obtained corrected for small amounts of colour and turbidity given by untreated ganglioside. The results are shown in Table 1 . (4 Fig. 2a . Course of appearance of sialic acid in a mixture of ganglioside and Vibrio cholerae filtrate. One ml. crude V . cholerae filtrate reconstitutedto twice its original volume with calcium + acetate +saline (pH 6.2) was added to one ml. of the same diluent containing 0-8 ml.
'slow' ganglioside. During incubation a t 36O, 0.2 ml. samples were removed at the times indicated and delivered into tubes containing 0.1 ml. sodium periodate in phosphoric acid, and free sialic acid subsequently estimated. The values are corrected for colour given by the V. cholerae filtrate. Fixation of tetanus toxin The tetanus toxin-fixing capacities of the various ganglioside preparations are shown in Table 1 . It is evident that even when practically none of the sialic acid was neuraminidase-sensitive (as in preparation G 2.0) ganglioside still fixed toxin. The data suggest that neuraminidase-insensitive as well as neuraminidase-sensitive sialic acid is concerned in toxin-fixation. In order further to test this point a solution containing 1-2 mg. ' slow' ganglioside and 6000 units neuraminidase in 3 ml. Ca + acetate+saline was incubated for 16 hr., with liberation of 48 yo of the total sialic acid. The mixture was dialysed overnight against running tap water and freezedried. The product was found to contain 580 RU/mg., or 1140 RU/,umole sialic acid. Figure 3 shows a paper chromatogram of the neuraminidase-treated preparation, compared with unfractionated ganglioside. It can be seen that the neuraminidase had converted ' slow ' ganglioside into ' fast ' ganglioside.
The possibility was tested that tetanus toxin might competitively inhibit the action of neuraminidase on ganglioside, but as much as 2.6 mg. toxin/d. did not significantly diminish the rate of liberation of sialic acid from ganglioside as compared to that of neuraminidase acting on ganglioside in the absence of t o x h The concentration of toxin was sufficient to combine with all the ganglioside present; the concentration of neuraminidase was c. 0.01 ,ug./ml. We were unable to test the reverse concentrations of toxin and neuraminidase because of the limited supply of pure neuraminidase at our disposal, A. W. BERNHEIMER AND W. E. VAN 
HEYNMGEN DISCUSS ION
Differences in the ability of various gangliosides to inhibit viral haemagglutination appear to reside in differences in sialic acid content rather than in the presence or absence of amino acid residues as suggested by Rosenberg et d. (1956) . Not all of the sialic acid which is responsible for viral inhibition is necessarily neuraminidasesensitive, for comparison of the G 0-5 and ' slow ' preparations shows the proportion of neuraminidase-sensitive sialic acid to be much lower in G0.5 than in ' slow ', while the latter, if anything, had slightly less viral inhibitory capacity.
The gangliosides having a greater sialic content are ' slow ' and metachromatic on paper chromatography, and Figs. 1 and 3 (as well as Fig. 6 in Van Heyningen & Miller, 1961) show that there are apparently two such gangliosides. There is a suggestion in Fig. 3 that the second of these gangliosides is the same as GO-5. Since the GO4 has 83 % neuraminidase-sensitive sialic acid while the mixture of the first and second components (i.e. 'slow ') has 57 yo neuraminidase-sensitive sialic acid, the proportion of neuraminidase-sensitive sialic acid in the first component is probably greater than 57%. It is unlikely that the two metachromatic gangliosides are identical with the two gangliosides of Klenk & Gielen (1960) since these latter are 'fast' and non-metachromatic (Van Heyningen & Miller, 1961) .
The work reported in this paper confirms the observation of Van Heyningen & Miller (1961) that tetanus toxin-fixation by ganglioside is dependent upon sialic acid content. Although not all the sialic acid of ganglioside is concerned in viral inhibition, it does all appear to be concerned in toxin-fixation. Thus, for example, G2-0, which has practically no viral inhibitory capacity and no neuraminidase-sensitive sialic acid, nevertheless fixes tetanus toxin in proportion to its sialic acid content.
Similarly, when ' slow ' ganglioside is treated with neuraminidase it retains its toxin fixing capacity in proportion to its residual sialic acid.
It is notable that there are sialic acid-containing substances having biological properties that are the reverse of those of the 6 2 type of ganglioside, for example, ovomucoid which is an effective inhibitor of viral haemagglutination but does not fix tetanus toxin (Van Heyningen & Miller, 1961) .
The figures for the neuraminidase-sensitive sialic acid are subject to some variation and may not in every case represent maximal values, for the tendency of ganglioside to form aggregates may render them inaccessible to the enzyme bonds which would otherwise be attacked. There seem to be a t least two possible explanations for differences in neuraminidase sensitivity of sialic acid in ganglioside : there may be more than one kind of sialic acid linkage in ganglioside, or, the gangliosides themselves may form different types of micelles in which the availability of the bonds to the enzyme differs.
In addition to the acknowledgements made in the preceding paper by van Heyningen & Miller (1961) we wish to thank Professor R. Kuhn for samples of gangliosides, Dr G. L. Ada for crystalline neuraminidase, and Dr A. Isaacs for influenza virus and helpful advice. This work was in part supported by a grant (to W. E. van H.) 
